Neutrophil-to-lymphocyte ratio may be a marker of peripheral artery disease complexity
Introduction
Lower extremity peripheral artery disease (PAD) affects a considerable percentage of the population. TransAtlantic InterSociety Consensus-II (TASC-II) classification is an internationally derived, collaboratively created consensus definition that is used for the assessment of PAD according to the anatomic distribution and number and nature of lesions (stenosis, occlusion) in combination with published outcomes of intervention (1, 2) . PAD is generally a consequence of systemic atherosclerotic disease processes that affect multiple arterial circulations. Risk factors for atherosclerosis, such as smoking, diabetes, hyperlipidemia, hypertension, and hyperhomocysteinemia, are common among patients with PAD (1, 2) . PAD is associated with an increased risk of cardiovascular and all-cause mortality (3, 4) .
Inflammation contributes to the initiation and progression of atherosclerosis as well as to the rupture of atherosclerotic plaques (5) . Monocytes and T-lymphocytes are involved in atherogenesis (6) . Neutrophils play a central role in atherogenesis and atherothrombosis (6) . Neutrophils release superoxide and chemokines that affect endothelial cells and promote or amplify the recruitment of other inflammatory cells (7) . Neutrophils also support monocyte adhesion and mobilization to the site of inflammation (8) . Neutrophils mediate inflammatory responses by numerous biochemical mechanisms, such as the release of arachidonic acid metabolites, platelet-aggravating factors, cytotoxic oxygen-derived free radicals, and hydrolytic enzymes such as myeloperoxidase, elastase, and acid phosphatases (9) . While the neutrophil count increases, the lymphocyte count decreases with atherosclerosis (6) . Therefore, an elevated neutrophilto-lymphocyte (N/L) ratio integrates the predictive risk of these two leukocyte subtypes into a single risk factor. It has been suggested that the N/L ratio is a better predictor of cardiovascular events than white blood cell or neutrophil count, even after controlling for various known risk factors. Thus, the N/L ratio appears to be additive to conventional risk factors and commonly used biomarkers (10) . The N/L ratio is marker of coronary artery disease (CAD) complexity and major adverse cardiovascular events (11) (12) (13) . It is also associated with left ventricular ejection fraction (LVEF) in patients with multivessel CAD (14) . In addition, it is a prognostic marker in patients with critical limp ischemia (15) . However, data regarding the association of the complexity of PAD with the N/L ratio is lacking.
The aim of this study was to evaluate the relationship between PAD complexity, as evaluated by TASC-II classification, and the N/L ratio.
Methods

Study design
This cross-sectional retrospective study enrolled 343 patients with PAD who underwent peripheral angiography at Ahi Evren Chest Cardiovascular Surgery Education and Research Hospital cardiology inpatient clinic due to suspected PAD in noninvasive tests between June 2011 and October 2013.
Patient population
Informed consent was obtained from all subjects, and the investigation conformed to the principles outlined in the Declaration of Helsinki. The study protocol was approved by the ethics committee.
We performed 407 peripheral angiographies in our institution between June 2011 and October 2013. Patients with previous peripheral revascularization, acute coronary syndrome, vasculitis, non-atherosclerotic stenosis, malignancy, and no significant peripheral arterial stenosis were excluded from the study. We also excluded patients with known or suspected infectious or inflammatory conditions, those with diabetic foot ulcers, or those needing urgent angiography and intervention. Of the 407 patients, 64 were excluded on the basis of the exclusion criteria. We did not perform invasive peripheral angiography in patients with advanced renal insufficiency and anemia. Patients contraindicated for invasive angiography were not included.
Hypertension was defined by a previous diagnosis of hypertension or the presence of SBP of ≥140 mm Hg or DBP of ≥90 mm Hg (mean of two consecutive measurements). Diabetes was defined as fasting plasma glucose levels of ≥126 mg/dL, plasma glucose levels of ≥200 mg/dL 2 h after the 75-mg oral glucose tolerance test, symptoms of hyperglycemia accompanied by casual plasma glucose levels of ≥200 mg/dL, HbA1C of ≥6.5%, or use of antidiabetic medications.
Hyperlipidemia was defined as low-density lipoprotein (LDL) cholesterol levels of ≥160 mg/dL or statin usage. Chronic renal failure (CRF) was defined as estimated glomerular filtration rate (GFR) of <60 mL/min/1.73 m 2 according to the Modification of Diet in Renal Disease (MDRD) formula. Transthoracic echocardiographic assessment (Vivid S5 General Electric, Norway) was performed in all patients and LVEF was measured. Patients who self-reported as having smoked during the previous 6 months were classified as smokers. Venous blood samples were drawn after 12-h overnight fasting. Serum glucose levels were determined spectrophotometrically using the enzymatic hexokinase method (Beckman Coulter, Co. Fullerton, CA, USA). Serum triglyceride and cholesterol levels were determined enzymatically with the Synchron CX auto analyzer (Beckman Coulter, Co. Fullerton, CA, USA). High-density lipoprotein (HDL) cholesterol was determined after specific precipitation and LDL cholesterol was determined by the Friedewald formula. Total and differential leukocyte counts were measured using an automated hematology analyzer. Absolute cell counts were used in these analyses.
Peripheral angiography and TASC-II score
Peripheral angiography was performed with a 6-Fr pigtail catheter using an automatic pump injector. For the evaluation of both lower extremities, the catheter tip was positioned above the aorto-iliac bifurcation. TASC-II score analysis (Table 1) was performed on bilateral aorto-iliac arterial segments (1).
Statistical analysis
Analyses were performed using SPSS 17.0 (SPSS for Windows 17.0, Chicago, Illinois). Continuous variables were expressed as mean±standard deviation (SD) (for parameters with normal distribution) or median (inter quartile range, IQR) (for parameters with non-normal distribution), and categorical variables were expressed as percentages. Comparison of categorical variables between groups was performed using the chi-square test. Analysis of normality was performed with the Kolmogorov-Smirnov test. Student's t-test and Mann-Whitney U test were used for the analysis of continuous variables. Analysis of variance was used for the comparison of multiple variables with normal distribution, and Tukey's honest significant difference test was used for post hoc analysis. The Kruskal-Wallis test was used for the comparing non-normally distributed multiple variables. Spearman's correlation analysis was used to analyze the correlates of the TASC-II score. Multiple binary logistic regression analysis was performed to find the independent predictors of a higher TASC-II score. Variables showing significant difference between the groups, including presence of CAD, LDL cholesterol levels, HDL cholesterol levels, and N/L ratio, were entered into the model. Receiver operating characteristic (ROC) curve analysis was performed to find an optimal cut-off value of the N/L ratio for predicting a higher TASC class. The area under curve (AUC) was calculated as a measure of the accuracy of the test. A 2-sided p-value of <0.05 was considered significant within 95% confidence intervals (CIs).
Results
The clinical and demographic characteristics of the study population are given in Table 2 . None of the patients had anemia or hepatic dysfunction. The medications of the patients are presented in Table 3 . The correlates of TASC-II classification are shown in Table 4 . The patients were divided into 4 groups according to TASC-II classification; 162, 97, 53, and 31 patients were classified into TASC A, TASC B, TASC C, and TASC D classes, respectively. Most patients were males, and male predominance was significantly evident with increasing TASC-II class.
Patients in TASC C class had significantly higher LDL cholesterol and lower HDL cholesterol levels than those in other classes. The neutrophil count increased with increasing TASC class and patients in TASC A class had a significantly lower neutrophil count than those in other classes. Patients in TASC D class had a significantly lower lymphocyte count than those in other classes. The N/L ratio increased significantly with increasing TASC-II class (Fig. 1) . Lymphocyte count, HDL cholesterol levels, and LVEF were inversely and weakly correlated with the TASC-II class (r=-0.169, p=0.002; r=-0.203, p<0.001; and r=-0.117, p=0.030, respectively). LDL cholesterol levels and presence of CAD were weakly correlated with the TASC class (r=0.134, p=0.013 and r=0.188, p<0.001, respectively). Neutrophil count and N/L ratio were moderately correlated with the TASC-II class (r=0.432, p<0.001 and r=0.470, p<0.001, respectively).
We regrouped patients as TASC A&B and TASC C&D. The features of the patients are shown in Table 5 . Male sex, presence of CAD, LDL cholesterol levels, HDL cholesterol levels, neutrophil count, lymphocyte count, and N/L ratio were significantly different between the groups.
Sex, presence of CAD, LDL cholesterol levels, HDL cholesterol levels, and N/L ratio were entered into multiple logistic regression analysis (Table 6 ). Male sex was not included in the model because all patients in the TASC C&D group were male. LDL cholesterol levels [odds ratio (OR)=1.010, 95% CI=1.003-1.017, p=0.004], HDL cholesterol levels (OR=0.940, 95% CI=0.894-0.987, p=0.013), and N/L ratio (OR=1.914, 95% CI=1.515-2.418, p<0.001) were the independent factors for predicting a higher TASC class (TASC C&D) in multivariate logistic regression analysis.
The cut-off value of the N/L ratio for predicting TASC C&D was >3.05 (sensitivity=75.0%, specificity=62.9%, AUC=0.678, 95% CI=0.688-0.784, p<0.001) in ROC curve analysis (Fig. 2) . 
Discussion
In the present study, we showed that the N/L ratio, a marker of chronic inflammation, was an independent predictor of the TASC-II class. This finding indicates that the degree of inflammation correlates with the complexity of PAD.
Hirsh et al. (16) have reported that lower extremity PAD affects 29% of the population and that the prevalence of PAD increases with increasing age. As a consequence of coexisting coronary and cerebrovascular disease, there is an increased risk of myocardial infarction (MI), stroke, and cardiovascular death in patients with lower extremity PAD. There is a 20%-60% increased risk of MI and a 2-6-fold increased risk of death due to CAD in such patients (17, 18) . The annual mortality rate derived from epidemiological studies of patients with lower extremity PAD is 4%-6% and it is highest in those with the most severe disease (19) (20) (21) (22) . Inflammatory and immune mechanisms play a pivotal role in the development and progression of atherosclerotic plaques (5) . Neutrophil infiltration in atherosclerotic plaques has a major role in CAD (6, (23) (24) (25) . Accordingly, we found that the neutrophil count was associated with the severity and com- Figure 2 . An ROC curve showing the sensitivity and specificity of the N/L ratio for predicting a higher TASC-II class plexity of PAD. Inflammatory biomarkers may be helpful in risk stratification and selection of the most efficient therapy. Neutrophils are an important predictor of cardiovascular outcomes in patients with symptomatic PAD (26) . This may be attributable to a link between increased inflammation and increased PAD complexity, and the N/L ratio may be a feasible marker for the detection of this linkage. In addition, presence of CAD was higher among patients with more complex PAD in the present study, which supported our hypothesis (27, 28) . Age, sex, serum cholesterol levels, hypertension, smoking, diabetes, and CAD are associated with an increased risk of developing PAD. Elevated LDL cholesterol levels and decreased HDL cholesterol levels are associated with an increased risk of PAD (2) . We found that LDL cholesterol levels were positively correlated, whereas HDL cholesterol levels were negatively correlated with the TASC-II class. In multivariate regression analysis, HDL cholesterol and LDL cholesterol levels were independent predictors of the TASC class. Male sex, increasing age, and smoking conferred a 1.5-fold increased risk of developing PAD (1, 2). Complexity of PAD was significantly increased among male patients in this study.
Study limitations
The present study has several limitations. First, the N/L ratio is considerably affected by many factors, including dehydration, overhydration, diluted blood specimens, and in vitro blood specimen handling. TASC is an anatomic classification. Addition of clinical classifications, including the Rutherford classification, may provide additional information. The Rutherford classification is used to evaluate critical limp ischemia according to the presence of ischemic signs and symptoms. Requirement of perfusion is determined according to the Rutherford category. However, the reperfusion strategy (percutaneous or surgery) is directed by the TASC-II class. We evaluated patients with invasive peripheral angiography. Addition of BT or MR angiography may provide further information such as the plaque composition. Furthermore, we did not measure other inflammatory markers, including TNF-α, CRP, high-sensitivity CRP, interleukins, and chemokines, in this study.
Conclusion
The N/L ratio, a marker of inflammation, may be an important predictor of PAD complexity. Therefore, a simple blood count test may provide an important clue about the severity of PAD and risk stratification in patients presenting with intermittent claudication. Additional studies are required to confirm our findings.
